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Description 

FIELD OF THE INVENTION 

This invention relates to a process for forming a pla- 
nar Intermetal dielectric layer for subnnicron apertures. 

BACKGROUND OF THE INVENTION 

As geometries in semicorxjuctor circuits have 
shrunk to and belcw 0.5 microns, demands upon the 
inter-level dielectric (ILD) films for the interconnect pat- 
terns in the semiconductor circuits have become 
increasingly stringent Future contemplated ILD fnms 
will be called upon to fill gaps with higher aspect ratios 
and provide lower dielectric constants than are required 
of the ILD films cun^ently in use. Reduction of the dielec- 
tric constant for the film is desirable, as such a reduction 
results in a reduction in both inter-level and intra-levei 
capacitance, both of which retard the operational speed 
of circuits processed with oxides presently used for 
electrical isolation. It is well krrawn that tiiis retarding 
effect becomes progressively more severe as the circuit 
complexity increases. 

Moreover, as the circuitry of integrated circuit 
devices becomes more complex and more dense, the 
number of layers of metallurgy must also increase. With 
this increase in number of metallurgy layers, the surface 
planar'rty of each successive layer becomes more non- 
planar due to associated interlayer layers following the 
contour of underlying metallurgy stripes and supporting 
layers. With each successive layer, there exists a 
greater number of metallurgy layers to contribute to the 
irregularity of the surface. As such, structures having 
two or more levels can develop severe non-polar topog- 
raphies, and may face severe reliability problems as the 
result of poor metal step-coverage and poor microlitho- 
graphic delineation processes. A potential solution to 
overcome these problems is a planarization process of 
the dielectric interlayers. 

Both inorganic and organic layers deposited by 
spin-on-glass ("SOG*) techniques have been widely 
used for microntiniaturized multilevel interconnection 
circuitry The deposited dielectric layers have conven- 
tionally been subjected to an etch-back process which 
furt her smooth ens the surface. However, this layer etch- 
back steps adds an extra step in the process for each 
layer deposited which, in turn, results in added cost and 
the potential for reducing product yield. While inorgaruc 
SOG can be planarized by heating, thereby allowing for 
avoidance of the foregoing etch-back step, other proc- 
ess-oriented problems can arise which compromise the 
objective of ILD planarization. For example, when ILD 
layers are subjected to O2 plasma incident to the 
rerrxival of photoresist that is used inckJent to via forma- 
tion, H2O can be absorbed into the layer, whk^h is dele- 
terious to the associated nDetallurgy. Moreover, when 
organic SOG is exposed while in vias, it corrtains ut- 
gassed moisture or other sut)stances that cause high 



resistances to be encountered in the vias when electri- 
cally conductive metals are sputtered into the vias. This 
problem is known 9S Via poisoning" and arises when 
methylsiloxane-based spun on glass is used for gap f 01 

5 and planarizati n of integrated circuits with multiple lev- 
els of rrtetal interconnect. The quality of chemical vapor 
deposited (CVD) tungsten deposition in vias which have 
such organic SOG exposed in the via sidewalls is 
severely corrpromised, often resulting in incompletely 

w filled vias, vias with high resistance and metal growth 
(hillocks) from the tops of vias that cause short circuits 
with other metal lines. It is believed that the organk; por- 
tion of the organic SOG reacts in some adverse way 
witii the tungsten source materials. A discussion of fur- 

15 ther difficulties encountered with the deposition of insu- 
lating semiconductor interlayers can be found in 
specification and cited references of U.S. Patent No. 
5.413,963. 

One common solution to the problem of via poison- 

20 ing is to perform a partial plasma etch-back of the SOG, 
leavir^ the SOG only between, or along, the skJes of 
metal leads. This solution requires that semi-organic 
glass be deposited over the entire wafer with etch back 
in a plasma etcher. This procedure is very slow, very 

25 dirty, leaves particles on the wafer and is rKJt uniform. 
Other approaches use tiiinner coats of SOG, such as by 
nrxjving the vias to kx^tions where the SOG layer is 
thinner or in conjunction with careful cure, etch, via bake 
arxi metal deposition procedures, with varying degrees 

30 of success. 

ILD structure declsbns are commonly driven by 
defect levels, process complexity, electrk;al perform- 
ance, and planarization capabilities. The foregoing cat- 
egories are all areas in whk:h fkTwable oxkJes have 

35 shown promise. TTie flowable nature of flowat}le oxide 
materials is attractive, for rt can simplify ILD processing 
and is capable of provkJing exceptional gap fill arxi 
planarization performance. Superior planarization has 
been demonstrated for fkwable oxKle-based ILD proc- 

40 esses integrated in 0.7 fim technology as compared to 
plasma enhanced tetraethyloxysilane ("PETEOS") 
oxide deposition and/or etch processes. However, tiie 
high wet ^ch rate of HSQ complicates via etching, ar)d 
the desired "charrpagne glass" slope of via skJewalls 

45 cannot be formed solely from a wet etch process. 
Instead, otiier process steps are required, which con- 
tributes to tne expens e, comp l exi t y an d li me - a ssociated- 
with devk;e manufacture. 

50 SUI^MARY OF THE INVENTION 

A process is provkled for implementing inter-metal 
dielectric f ILD") planarization using hydrogen silsesqui- 
oxane ("HSQ") spin-on glass ("SOG") and conformal 
55 plasma enhanced tetraethyloxysilane ("PETEOS") for 
submicron gaps, such as vias and interconnects, having 
sputtered metal int rconnects. TTie inventi n is particu- 
lariy suitabl for use in submicron CMOS and BiCMOS, 
processes, such as those related to tiie manufacture of 
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digital signal processors, memory, logic circuits, appli- 
cation specific and other processes that use a minimum 
ofd ubie-layer metallization. 

Accordingly the present inventi n provides a 
method of forming a planar dielectric layer over an inter- s 
connect pattern comprising the steps of providing a 
sut>strate having an electrical irrterconnect pattern ther- 
eon, forming a first layer of dielectric over said intercon- 
nect pattern, forming a second layer of silicon- 
containing dielectric over said first dielectric layer from 
an inorganic silicon-containing composition and forming 
a third layer of dielectric different form said second layer 
over said second dielectric layer. 

According to a second aspect of the present inven- 
tion there is provided A multilevel interconnect pattern 
comprising, a substrate htaving an electrical intercon- 
nect pattern thereon, a first layer of dielectric over said 
interconnect pattern, a second layer of silicon-contain- 
ing dielectric over said first dielectric layer formed from 
an inorganic silicon-containing composition capat}le of 
forming silicon oxide, a third layer of dielectric different 
from said second layer over said second dielectric layer 
and an electrical interconnect pattern disposed over 
said third layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be further described 
by way of exarrple with reference to the accompanying 
drawings in which:- 

FIGURES 1 A to 1 G depict a process flow for a prior 
art procedure for providing a planarized dielectric 
layer over an interconnect pattern for a DRAM; 

FIGURES 2A to 21 depict a process flow for a prior 
art procedure for providing a planarized dielectric 
layer ever an interconnect pattern for a logic circuit; 

FIGURES 3A to 3N depict a tri-layer metal process 
flow in accordance with the present invention which 
can be used for both DRAM and logic circuit fabri- 
cation; and 

FIGURES 4A to 4C depict a bi-layer metal process 
flow in accordance with the present invention which 
can be used for both DRAM and logic circuit fabri- 
cation. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

It is to be understood and appreciated that the proc- 
ess steps and structures described below do not form a 
conrplete process flow for the manufacture of integrated 
drcuits. Th present invention can be practiced in con- 
junction with integrated circuit fabrication techniques 
that ar currently used in the art, and only so much of 
the commonly practiced process steps are included 



herein as are necessary to provide an understanding of 
the present invention. The drawing figures that ar 
included with this specification and which represent 
cross-sections of portions of an integrated drcurt during 
fabrication are not drawn to scale, but instead are drawn 
so as to illustrate the relevant features of the invention. 

Referring first to FIGS. 1 A to 1G, there is shown a 
process flow for a prior art procedure for providing a 
planarized dielectric layer over an interconnect pattern 
for a DRAM. Initially, the interconnect pattem 3 is 
fomied on a substrate 1 by deposition of the intercon- 
nect nr>etal, such as tungsten, with subsequent pattern- 
ing and etching as shown in FIG. 1 A. A 7,000A layer of 
plasma TEOS oxide 5 Is then deposited over the 
exposed surface, leaving indentations or valleys 7 in the 
regbn between portions of the interconnect pattern as 
shown in FIG. 1 B. A 6,200A to 6,400A layer of organic 
SOG 8 is then deposited over the structure of FIG. 1 B 
and cured as shown in FIG. 1 C or etched t>ack and then 
cured. TTie structure of FIG. 1C is then etched back if 
not previously etched t>ack until the TEOS oxide 5 is 
exposed as shown in FIG. 1 D and then any polymers 9 
collected on the structure are renv3ved by an oxygen 
plasma treatment as shown in FIG. 1E. Any remaining 
polymer and dirt is then removed from the surface with 
a water scrub as shown in FIG. 1 F. The structure is then 
baked at a temperature of 41 0^*0 for about 2 minutes 
and a S.OOOA layer of TEOS oxide 1 1 is then deposited 
over the surface as shown in FIG. 1G to provide the 
planarized surface. 

Referring now to FIGS. 2A to 21, there is shewn the 
process flow for a prior art procedure for providing a 
planarized dielectric layer over an interconnect pattern 
for a logic circuit. Initially, the interconnect pattern 23 is 
formed on a sut>strate 21 by deposition of the intercon- 
nect metal, such as aluminum, with subsequent pattern- 
ing and etching as shown in FIG. 2A. Since aluminum 
can form hillocks which can cause short circuits with 
overlying interconnect layers, it is necessary to provide 
a thicker dielectric layer than is required in the DRAM 
embodiment. Therefore, a 3,000A layer of plasma 
TEOS oxide 25 is deposited over the exposed surface, 
leaving indentations or valleys 27 in the region between 
portions of the interconnect pattern as shown in FIG. 
2B. This is followed by a nitrogen plasma treatment 
which is then followed by a 3,000A layer of ozone TEOS 

layer of plasma TEOS oxide 31 as shown in FIG. 2D. 
The procedure is then the same as explained herein- 
above for the DRAM with reference to FIGS. 1C to 1G, 
which correspond to FIGS. 2E to 21, respectively. 

Details of the invention in connection with a triple 
layer metal process are illustrated In FIGS. 3A - 3N. 
With particular reference to FIG. 3A. there is illustrated 
a portion 50 of a semiconductor device under construc- 
tion. At this stage of construction, the portion 50 is com- 
prised of a Silicon sut>strat 52 that und riles a 
dielectric layer 54. The di lectric layer 52 can be com- 
prised of a tri-level sandwk^h of an underlying -6,200A 
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thermal oxide which underlies an -T.SOOA plasma 
enhanced tetraethyloxysilane ("PETEOS^. Sand- 
wiched between the thermal oxide and th PETEOS is 
an ~300A silane oxide layer provided to reduc implant 
channeling, thus rend ring a t tal dielectric layer thick- 5 
ness of akx)ut 14.100A. A further dielectric layer, in the 
form of a Boro-Phospho-Silicate Glass ("BPSG") layer 
56, is deposited and densified in a conventional man- 
ner, as by processing in a Watkins-Johnson reactor with 
N2. The composition of the BPSG can be as follows: w 
Boron 2.4-3.2 wt.%; Phosphorus 5.9-6.25 wt.%; and 
balance Silicon, although other BPSG compositions are 
contemplated for use in the present invention. The HSQ 
layer 66 is applied to a thickness of about 5,700A. pref- 
erably while the silicon wafer is rotating at a speed of 15 
atx>ut 500 RPM. The layer 66 can be thinned-out by 
rotating at higher speeds, such as 2,500 RPM. 

A metal stack 58, designated as "Metal- 1*, is 
deposited in situ over the BPSG layer. In a preferred 
aspect of the invention, the Metal-1 stack is comprised 20 
of a vertical array of three sputtered metals: an underiy- 
ing 500A layer of Trtanium ttiat is deposited adjacent to 
the BPSG layer 56; an overlying 3,000A layer of 
Tl(10%)-W; and an uppermost ~4,600A layer of Al-Si 
(1%) - Cu (0.5%). Thus, the total thickness of the Metal- 2s 
1 stack is about 8.100A. Following stack deposition, it is 
patterned using conventional photolithographic tech- 
niques and etched. Etching removes about 2p0O0A of 
th BPSG layer 56 incident to a metal "over-etch", indi- 
cated by the recesses 60 in tfie drawing. The over-etch 30 
can create an effective metal stack height of in excess of 
~10,000A, which will be planarized with dielectrics in 
subsequent process steps, as will be desabed in detail 
below. A contact 62 extends through one of the metal 
stacks, designated 58a, arxl through the BPSG arxl die- 3S 
lectrk; layers 56 & 54. respectively. The inner surface 64 
of the contact 62 is lined with metal from the tri-layer 
metal stack 58. as is shown in the drawing. The upper 
surfaces 66 of the contact are constructed along diver- 
gent planes to establish a desired "champagne glass" 40 
or "martini glass" contour which Is preferred to fadlrtate 
contact filling in the manner set forth below. The contact 
62 can be formed by any of a variety of suitable process, 
including an initial wet etch, followed by dry etch which, 
in turn, is followed by a reduced-power soft etch. 45 

i<r (^epirtftd in FI G. SB. a I.OOOA layer of confor- 

mal plasma enhanced TEOS oxide 64 is deposited over 
the structure 50. Thereafter, an approximately '-5.700A 
layer 66 of hydrogen Silsesquioxane ("HSQ") is spun-on 
and baked. It is to be appreciated that refererx;e to the so 
HSQ thickness pertains to the thk:kness of the HSQ that 
is obtained when iJhe material is spun-on a bare silicon 
wafer under standard processing conditions. It is to be 
appreciated tiiat tiie thickness of tiie HSQ on a pat- 
terned wafer is a function of kx^l wafer topography. For ss 
exampi , tiie thickness will be great r than the above- 
referenced 5,700A between closely-spaced metal lines, 
and will correspondingly thin-out in open areas. The 
overall effect is a high degree of topography smoothing 



and short range planarization, as very littie HSQ 
remains over narrow, isolated leads, while the thickness 
over wide leads or closely spaced, narrow leads can be 
expected to be a consid rattle fractbn of the above-ref- 
erenced tiiickness. 

The HSQ film 66 is cured in an atnx>spheric furnace 
at at)out 400°C with a nitrogen ambient. Following tiier- 
mal processing, the wafer carrying the device 50 is 
inserted into an PETEOS CVD chamber (not shown) 
arxi. prk>r to deposition of subsequent layers, the wafer 
is baked at atxxit ~380**C at ~ 8 Torr for about 60 sec- 
onds in a nitrogen ambient. Following nitrogen thermal 
processing, an ~6500A layer 68 of PETEOS is depos- 
ited. Deposition of PETEOS is advantageous, as it Is 
confbrmal and can fc>e deposited at a relatively low tem- 
perature (<400'*C) so as to minimize granule formation 
in the associated metal stacks. 

With reference to FIGS. 3C & 3D. the wafer 50 is 
patterned using conventional photolithography tech- 
niques to define the location of the vias and/or locations 
where metal-1 stack 58 wilt need to form an ohmic con- 
tact with a subsequently-applied metal-2 stack. This 
patteming is illustrated by shadow boxes 70 in FIG. 3C. 
The contact 62 appearing in FIGS. 3A & 3B has been 
omitted from FIG. 3C and subsequent drawings for the 
purpose of simplification and clarity. 

Following photoresist patterning, the wafer 50 is 
baked to harden tiie photoresist Thereafter, the pho- 
toresist 70 is etched in an aqueous buffered oxide etch 
solution comprising 6.5% HF and 35% NH4F witii Olin 
Hunt surfactant and COE with DHS. A result of this etch- 
ing is an isotropic etch profile tiiat removes approxi- 
mately ~3000-5000A of the upper PETEOS layer 68. 
Processing corxJrtions are controlled to ensure that 
etching does not eradicate all of the PETEOS layer 68 
and invade the underlying HSQ layer 66, as the HSQ 
would k>e rapidly rerrxjved from the wafer in an HF solu- 
tion. It is to be appreciated that etching through the 
PETEOS 68 and into the HSQ layer 66 wrould prevent 
adequate metal coverage of the via during subsequent 
metal sputtering. Etching of the PETEOS layer 68 in the 
foregoing manner results in the development of a well 
72 that extends partially under the patterned photoresist 
70. 

Following formation of the well 72, the wafer 50 is 
tiien etched in a plasma reactor using CF4/CHF3 chem- 
istry to renxjve the remaining 0xide~in~ihe"Tna-^2. 
Plasma reactor etching results in tiie formation of a via 
having substantially straight sidewalls 74 and a desired 
"martini" or "champagne" glass configuration at the 
open erxj of the via. The openings of the txittom of the 
vias following the via etch are about 1 .Ip.m. The forego- 
ing plasma reactor etch also etches through approxi- 
mately ~0.85M-m (8.500A) of dielectric layers (PETEOS 
68 and HSQ 66) overiying tiie upper surface 78 of asso- 
ciated metal leads such as lead 58b in FIG. 3E. Via 
etching in th foregoing manner yields a via aspect rati 
of about 0.77. 

Following formation of the vias 72 in the manner 
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desaibed above, the photoresist 70 is removed in a 
conventional nnanner, such as solvent clean/irinse. 
plasma ash, solvent/clean rinse and plasma ash, to 
render a structure as shown In FIG. 3F that is substan- 
tially devoid f photoresist. The last ash step has been 
found to be particularly effective at removing any sol- 
vents that may have been absorbed by the HSQ in the 
via sidewalls. Each solvent step provides cleansing in 
an Ashland ACTCMI DMAC clean, followed by an IPA 
rinse/vapor dry. Each ash is performed in a t}arrel asher 
in an oxygen plasma atmosphere. 

With reference to FIG. 3G. there is depicted appli- 
cation of a second metal stack 80. designated "Metal- 
2". Prior to application of metal-2 stack 80, the wafer 
receives an argon sputter etch to remove any residue 
arxi aluminum from the lower surface of the vias 72. The 
argon sputter etch is undertaken to reriKve -180 A ± 
20A of si lane (SiH4) oxide. In addition, wafers are sut>- 
jected to a low pressure bake. The Metal-2 layer 80 is 
comprised of combir^tion of "-2,OO0A Ti(10 wt%)-W 
and ~4,600A Al-Si(wt.%)-Cu(0.5 wt.%) that are sput- 
tered onto the wafer. As is indicated in the drawing, the 
sputter process partially fQls the vias 72 with metal to 
create a path for electrical conduction between Metal-1 
layer 58 arxi Metal-2 layer 80. However, voids or cavities 
remain in the vias 72 which will be filled with an oxide as 
will be desaibed be\ovt. Overall m^al stack height for 
Metal-2 layer 80 at its thickest point is approximately 
6,600 A. 

Once the Metal-2 stack 80 has been applied, the 
wafers are processed through photolithography (FIG. 
3H) to define a pattern for the Metal-2 stack 80. The pat- 
terning is illustrated by shadow boxes 82 in FIG. 3H. As 
is shown in FIG. 31, the etching of the Metal-2 stack 80 
can remove up to about 2.000A of PETEOS oxide while 
thereby rendering an effective step height of about 
8,000A that will require planarization. The photoresist 
82 is then removed in a conventbnal manner, arxJ a 
1.000A PETEOS layer 84 is applied over Meta)-2 stack 
80 and the exposed portion of PETEOS dielectric layer 
68. HSQ layer 86 of approximately 5700A is applied 
over the 1 ,0O0A dielectric layer 84. In addition, a further 
PETEOS layer 88 of a approximately 6500A is depos- 
ited over the HSQ layer 86 in the manner described 
above in connection with FIG. 3B. The 1,000A PETEOS 
~ l avw 84 - d ^QsitSHff7to4h9~via-:3^-witfa-HSQ_ 86 filling the 
remainder of the void. 

Folbwing application of the dielectric layers 84-88, 
the circuit 50 is patterned with photoresist incident to 
formation of a secorxl via layer, as will now be 
descrbed. With reference to FIG. 3K, the pattemed 
photoresist 90 is baked and then etched in the manner 
desait>ed previously in connection with FIG. 3D. Etch- 
ing in this manner results in the formation of second via 
92 having the desired "martini" or "champagne" glass 
open end, as indicated by reference character 94. The 
wafer is then etched in a plasma reactor to complete the 
via etch process (FIG. 3L), thereby fully developing the 
via 92 so as to extend completely through PETEOS 



layer 88, HSQ layer 86 and underlying PETEOS layer 
84toth upper surface 96 f Metal-2 stack 80. 

With reference to FIG. 3M. there is Illustrated con- 
struction for a Metal-3 stack 100. The Metal-3 stack 100 

5 is deposited in an analogous manner as that described 
previously in connection with Metal-2 stack 80. The 
Metal-3 stack 100 is corrprised of ~2.000A Tl(10 wL%)- 
W and ~6,O0OA Al-Si (1 wt %) - Cu (0.5 wt.%)v and is 
patterned with photoresist, as indicated by phantom box 

w 102. Following patterning and etching of Metal-3 stack 
100, the photoresist 102 is removed, and a layer of pas- 
sivation before is deposited, patterned and etched, 
thereby rendering the structure illustrated in FIG. 3N. 
Details of a double or bi-layer metal process are 

15 illustrated in FIGS. 4A - 40. With reference to FIG. 4A, 
there is illustrated a device under construction incident 
to dout}le or bi-layer metal processing in a manner anal- 
ogous to the stage of triple layer processing discussed 
above in connection with FIGS. 3A - 3F. 

20 Prior to sputtering the second metal stack 80*, the 
wafer is exposed to an argon sputter etch and a low 
pressure bake to remove aluminum and residue from 
the bottom of the vias 72. Metal-2 stack 80' is conrprised 
of ^2,0OOA Ti (1 0 wt.%) -W and ~6,000A Al - Si (1 wt.%) 

25 - Cu (0.5 wt. %). As is illustrated in the drawing, the 
sputter process for the Metal-2 stack 80* partially fills the 
vias 72 with metal to create a path for electrical conduc- 
tion between Metal-1 stack 58 and Metal-2 stack 80*. 
The Metal-2 layer 80' is patterned with photoresist 82 

30 and etched in a manner described previously, with the 
metal over-etch renrwving atx)ut 2,0O0A PETEOS (FIG. 
4B). Following removal of the photoresist 82. a layer of 
passivation oxide 104 is deposited, patterned and 
etched as shown in FIG. 40, to render a planarized sur- 

35 face at the Metal-2 stack level. 

The advantages of the foregoing planarization 
processes include excellent ga|>f ill characteristics and 
local planarization. Moreover, use of HSQ through the 
various processes is advantageous as HSQ exhibits an 

40 advantageously low (<3.0) dielectric constant The 
irrproved planarization that results from the foregoing 
processes reduces defects caused by metal stringers, 
resulting in an increase in yield over conventional resist 
etch-t>ack f REB") processes now in use throughout the 

45 industry. As HSQ is a non-cartx)n based SOG com- 
pound. it does n ot require an etch back. Accordingly, 
vias etched flirough HSQ are not exposed-to^a-poi- 
soning" arising from cartwn out-gassing, as is experi- 
enced conventional ILD processes. 

50 AHhough tiie invention hias been described with 
respect to a specific preferred emtxxliment ttiereof, 
many variations and nxxJifications will immediately 
become apparent to those skilled in the art. 

55 Claims 

1. A method of forming a planar dielectric lay r ov r 
an interconnect pattern comprising the steps of: 
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providing a substrate having an electrical inter- 
connect pattern thereon; 
fornrung a first layer of dielectric over said int r- 
connect pattern; 

forming a second layer of silicon-containing s 
dielectric over said first dielectric layer from an 
Inorganic silicon-containing composition; and 
forming a third layer of dielectric different form 
said second layer over said second dielectric 
layer. 10 

2. The method of Claim 1. further comprising forming 
said first layer from a plasma generated TEOS 
oxide. 

15 

3. The method of Claim 1 or Claim 2, wherein step of 
forming said second dielectric layer comprises 
forming said second dielectric layer from a silicon- 
containing composition conpr^ing hydrogen 
silsesquioxane (HSQ). 20 

4. The method of any preceding claim, wherein said 
step of forming said third dielectric layer comprising 
forming said third dielectric layer from a plasma 
generated TEOS oxide. 2s 

5. The method of any preceding claim, wherein the 
step of forming said secorxi layer conrprises the 
steps of depositing an inorganic silicon-containing 
composition capable of being pyrotytically con- 30 
verted to a silicon oxide over the structure from the 

of depositing the second dielectric layer step avd 
placing the resulting structure in an sut>stantially 
pure nitrogen and nrK>isture-free environment at a 
pressure at or below atnrK)spheric pressure, and 3S 
heating the said silicon containing composition to a 
temperature of substantially between 375**C to 
425*'C for a period sut)stantially between 30 min- 
utes to 30 minutes to convert said silicon-containing 
composition to silicon oxide. 40 

6. The method of Claim 5, wherein said heating step 
comprises heating said silicon-containing composi- 
tion to a temperature substantially of 400°C for 
about 45 minutes. 45 

7. The method of any preceding daim, wherein the 
step of formirig the said third layer comprises the 
steps of placing the structure from the step of form- 
ing the third layer in a vacuum chamber and heating so 
in a nitrogen ambient at a pressure substantially of 

3 Tonr to 15 Torr at a temperature substantially of 
from 350*C to 430**C for a period substantially 
between 30 seconds and 90 seconds, and deposit- 
ing a layer of plasma generated TEOS oxide with a 55 
tfiickness of substantially betw en 2000A to 4000A 
over said structur . 

8. The method of Claim 7, wherein said heating step 



comprises heating said structure to a temperature 
substantially of 390''C for 60 seconds. 

9. The metfxxJ of Claim 7, further comprising main- 
taining said pressure of atx>ut 9 Torr. 

10. The method of Claims 7 to 9, further comprising 
forming said third delectric layer to thickness of 
about 3000A. 

11. A multilevel interconnect pattern comprising: 

a substrate having an electrical interconnect 
pattern thereon; 

a first layer of dielectric over said interconnect 
pattern; 

a second layer of silicon-containing dielectric 
different over said first dielectric layer formed 
from an inorganic silicon-containing composi- 
tion capat>le of forming silicon oxide; 
a third layer of dielectric different from said sec- 
ond layer over said second dielectric layer; and 
an electrical interconnect pattern disposed 
over said third layer. 

1Z The pattern of Claim 11, wherein said silicon-con- 
taining composition is hlydrogen Silsequioxane 
(HSQ). 

13. The pattern of Claim 11 or Claim 12, wherein said 
second layer has a dielectric constant less tfian 
about 4.0. 
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